The neck meridian test is a procedure in which the participant is requested to stretch the neck in four directions and rate the intensity of pain felt and/or symptoms. The total score of the four responses has been shown to correlate with the level of perceived stress, and it has been suggested that it may be possible to use this test as a measure of perceived stress. The purpose of this study was to examine the effect of experimentally induced stress on the neck meridian test score. It was predicted that the neck meridian test score would increase only in participants who were exposed to stress manipulation. The participants were 19 male and 9 female college students (age, 34.1 ± 9.37 years) majoring in acupuncture and moxibustion medicine. The participants were randomly assigned to a stress group and a control group. All participants were requested to rest for 3 min and then complete the neck meridian test. Subsequently, they were administered a stress questionnaire. The participants in the stress group were instructed to prepare mentally for 3 min for a small 1-min examination that included performance in front of a judge, while those in the control group were requested to rest for additional 3 min. After each period, the participants completed the neck meridian test and were administered a stress questionnaire. The stress score increased significantly only in the stress group, indicating that the experimental protocol was a valid means of inducing a stressed state. The neck meridian test score also increased only in the stress group, providing supporting evidence that the neck meridian test is a valid tool for assessing perceived stress. It is suggested that the test could be used in future studies applying techniques of acupuncture and moxibustion medicine to stress care.
Introduction
Perceived stress inversely affects mental and physical health [1, 2] . However, it is known that large number of people are stressed in many countries [3, 4] . Thus, it is important to manage stress in order to prevent stressrelated health problems [5, 6] .
Acupuncture and moxibustion represent treatment techniques in Chinese medicine. These methods depend to a large extent on the meridian theory, a representative theory of pathology. This theory assumes that energy (Qi) flows through meridians, which are invisible circuitries of channels in the body. If the energy flow is too slow, fast, turbulent, or static (Qi imbalance), mental and physical health is disturbed. Such Qi imbalance is caused by three main factors: 1) internal causes (emotional dis turbance); 2) external causes (environmental stressors); and 3) other causes (disturbances in life style, excessive work, and unhealthy sex). Acupuncture and moxibustion are used to correct Qi imbalance by stimulating the acu puncture points.
Acupuncture and moxibustion are popular in Japan. At least 1% -5% of Japanese people aged > 20 years receive one of these treatments [7] . Interestingly, one fifth of such users tend to receive these treatments to reduce stress [7] . Thus, it may be useful to use acupuncture and moxibustion for stress management.
Unfortunately, a limited number of empirical studies have examined the effects of acupuncture and moxibus tion on stress in non-clinical human populations [8, 9] . One of the obstacles to research in non-clinical human populations may be the lack of an objective means of assessing stress [10] . At present, researchers and practi tioners have to use psychological (e.g., questionnaires) and physiological measures (e.g., heart rate variability). The development of an objective and easy to use measure of perceived stress would provide a useful measurement tool for both researchers and practitioners who are inter ested in assessing stress.stress. The neck meridian test is a procedure in which the participant is requested to stretch the neck in four directions and rate the intensity of pain felt and/or symptoms observed. The total score is then calculated. This test is a simplified version of the meridian test developed by Mukaino [12] . The meridian test is based on the assumption that Qi imbalance can be assessed as pain and/or symptoms associated with movements of the body. Honda et al. [11] found that the total test score was positively and significantly correlated with the stress score (r = 0.40, p < 0.01). The test score was also reported to be affected by unhealthy behaviors such as drinking excessive alcohol or not eating a balanced diet. Since these unhealthy behavior habits seem not to change in a short period, this result suggests that the neck meridian test can be used as an indicator of perceived stress in research and practice in acupuncture and moxibustion.
The study of Honda et al. [11] was cross-sectional, and it is unclear whether an individual's neck meridian test score increases when the individual becomes stressed. A demonstration using a longitudinal research design that a change in the neck meridian test score corresponds to a change in the level of perceived stress would provide a more robust test of the validity of the neck meridian test as a measure of perceived stress.
Therefore, the purpose of this study was to examine the effect of experimentally induced stress on participants' scores on the neck meridian test. It was predicted that experimentally induced stress would increase the neck meridian test score. Demonstrating a significant increase of the neck meridian test score only in individuals who are stressed experimentally would provide more robust evidence supporting validity of the neck meridian test as an indicator of perceived stress.
Method

Participants
Eighteen male and 7 female college students participated in this study. Their mean age was 34.6 years, with a standard deviation of 9.69. After receiving an explanation of the purpose and protocol of the experiment, all participants gave written informed consent. The exclusion criteria were as follows: 1) current or previous physical or psychiatric illnesses and 2) receiving any medication. Unfortunately, because of a lack of available data, it was not possible to determine how representative the participants were as a sample of Japanese college students who major in acupuncture and moxibustion medicine.
Experimental Manipulation
The manipulation to induce a stressed state was to instruct each participant to anticipate a small examination.
The examination was 1-min long and required each student to perform several techniques in front of the first author. The outcome of this examination was partially relevant to the student's grade.
Measures
Subjective stress and activation were assessed in each session using an adaptation of the Japanese UWIST mood adjective checklist (JUMACL) [13] . This is based on the UWIST mood adjective checklist [14] and consists of 12 items that measure the fundamental dimensions of energetic arousal and tense arousal (TA). Each question was rated on a 4-point scale and scores were summed, so that higher energetic arousal and tension arousal values reflect greater energetic arousal and tension, respectively. The internal reliability and discriminant validity of the measure has been confirmed in Japanese college students [13] . Only the TA subscale was used in this study.
The neck meridian test was developed by Honda et al. [11] . Each participant was instructed to stretch the neck in four directions (neck extension, neck right rotation, neck left rotation, and neck flexion). Figure 1 shows the four movements in the neck meridian test. Then s/he was requested to rate how strong intensity of pain and/or symptoms s/he felt associated with each movement on a 4-point scale (0 = not at all, 3 = very strong). The total score was calculated. Reliability was evaluated in terms of internal consistency using Cronbach's alpha coeffi cient and was found to be acceptable (α = 0.77) [11] . The validity of the measure was initially examined against a measure of stress. The neck meridian test score was significantly and positively related to the stress score measured with the tense arousal subscale of JUMACL (r = 0.40) [11] . 
Procedure
The participants were randomly assigned to a stress group and a control group. All participants were requested to rest for 3 min and then complete the neck meridian test. After completing the test, they were administered JUMACL. The participants in the stress group were instructed to anticipate and prepare mentally for 3 min for a small 1-min examination, while those in the control group were requested to rest for additional 3 min. After each period, the participants completed the neck meridian test and were administered JUMACL. No incentive was given to the participants.
Results
Demographics
First, we tested whether the two groups were matched with regard to the male/female ratio and mean age. These data are shown in Table 1 . Chi-square test indicated that there was no significant difference in the male/female ratio [χ 2 (1) = 0.49, p = 0.48]. Unpaired t-test found that the groups were fairly matched with regard to age [t(19) = -0.27, p = 0.79].
Validity of the Experimental Manipulation
Second, we examined whether the manipulation would actually induce stress in participants in the stress group. The validity of the manipulation would be supported if a significant increase in the TA score was observed only in the stress group. Analysis of variance considering group (stress vs control) and period as independent variables revealed a significant group by period interaction [F(1, 23) = 24.42, p < 0.01]. Subsequent analyses indicated that the TA score increased significantly over time in the stress group and was significantly higher after the experiment (p < 0.01) (Figure 2). 
Effect of Stress on the Neck Meridian Test Score
Finally, we tested whether a change in the neck meridian test score would correspond to the change in the stress score. It was predicted that the neck meridian test score would increase over time only in the stress group. The prediction would be supported if a significant increase in the score was observed only in the stress group. Analysis of variance considering group and period as independent variables revealed a significant group by period interacttion [F(1, 23) = 24.38, p < 0.01]. Subsequent analyses indicated that the neck meridian test score increased significantly over time in the stress group, and it was significantly higher after the experiment (Figure 3 ).
Discussion
The purpose of this study was to examine the effect of experimentally induced stress on the neck meridian test score. Consistent with the prediction, the neck meridian test score increased in the group in which the participants were experimentally stressed. This result provides support for the validity of the test as a measure of perceived stress. The anticipation of a small examination was valid as an experimental procedure to induce a stressed state. The TA score of JUMACL increased in the stress group, while no such change was observed in the control group.
The TA subscale is a measure of perceived stress and has been found to increase during mental stress [14, 15] . A significant increase in the TA score only in the stress group indicates that the experimental manipulation was valid as a means of inducing stress.
The present findings provide evidence that the n m or as this study provides evidence to support the va
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Grant-in-Aid for Scientific eridian test can be used as a measure of perceived stress in the practice of acupuncture and moxibustion medicine. It is meaningful for practitioners to have such an option. Although stress is an important topic in clinical practice, no objective assessment tool had been available before the neck meridian test was suggested. For example, Honda, Tsuda, and Horiuchi [16] used a questionnaire (i.e., the Japanese version of the Rhode Island Stress and Coping Inventory [17] ) to evaluate the effect of acupressure, a treatment method in acupuncture and moxibustion medicine, on perceived stress. Data obtained in this study implied that the neck meridian test can be used to measure a change in perceived stress in research and practice in acupuncture and moxibustion.
The findings also provide an alternative option f sessing stress. To date, stress has been measured mainly using psychological, physiological, sociological measures [18] . Very few body sensation-based measures of perceived stress have been developed. The neck meridian test attempts to assess perceived stress using bodily sensations (i.e., pain and symptoms) associated with stretching of the neck. Such a tool may be useful for individuals who are not good at recognizing and expressing their own feelings. Thus, the neck meridian test is a potential alternative to current stress measurement tools.
Although lidity of the neck meridian test as a measure of perceived stress, some limitations should be addressed. The main limitation of this study was that the participants were college students who were studying acupuncture medicine. We need to extend our findings to other college students and populations. This extension would be very important because our participants were expected to have more extensive knowledge of the acupuncture points compared with college students majoring in other subjects. Furthermore, it is necessary to replicate our findings in populations other than college students. Another limitation is that stress was measured using only a single questionnaire. It is necessary to assess stress with other questionnaires such as the Depression Anxiety Stress Scales [19] and more objective measures such as sympathetic nervous activity and cortisol levels. 
